MicroBooNE
• Study low E ν e appearance • Measure ν-Ar cross section • R&D for LArTPC technology for the SBN program and DUNE • 8 GeV protons on Be target (BNB) • 470 m baseline • (2.6x2.3x10.4)m 3 fiducial volume • 85 tons active mass of liquid Ar • 3 planes of sense wires constrained by fits to kaon production data and the recent SciBooNE measurements [18] . Other backgrounds from misidentified or " [20, 21] events are also constrained by the observed CCQE sample. The gamma background from NC 0 production mainly from Á decay or Á ! N radiative decay [22] is constrained by the associated large two-gamma data sample (mainly from Á production) observed in the MiniBooNE data [23] . In effect, an in situ NC 0 rate is measured and applied to the analysis. Single-gamma backgrounds from external neutrino interactions (''dirt'' backgrounds) are estimated using topological and spatial cuts to isolate these events whose vertex is near the edge of the detector and point towards the detector center [3] .
Systematic uncertainties are determined by considering the predicted effects on the , "
, e , and " e CCQE rate from variations of parameters. These include uncertainties in the neutrino and antineutrino flux estimates, uncertainties in neutrino cross sections, most of which are determined by in situ cross-section measurements at MiniBooNE [20, 23] , uncertainties due to nuclear effects, and uncertainties in detector modeling and reconstruction. A covariance matrix in bins of E QE is constructed by considering the variation from each source of systematic uncertainty on the e and " e CCQE signal, background, and and " CCQE prediction as a function of E QE . This matrix includes correlations between any of the e and " e CCQE signal and background and and " CCQE samples, and is used in the 2 calculation of the oscillation fits. Figure 1 (top) shows the E QE distribution for " e CCQE data and background in the antineutrino mode over the full available energy range. Each bin of reconstructed E QE corresponds to a distribution of ''true'' generated neutrino energies, which can overlap adjacent bins. In the antineutrino mode, a total of 478 data events pass the " e event selection requirements with 200 < E QE < 1250 MeV, compared to a background expectation of 399:6 AE 20:0ðstatÞ AE 20:3ðsystÞ events. For assessing the probability that the expectation fluctuates up to this 478 observed value, the excess is then 78:4 AE 28:5 events or a 2:8 effect. Figure 2 (top) shows the event excess as a function of E QE in the antineutrino mode. Many checks have been performed on the data, including beam and detector stability checks that show that the neutrino event rates are stable to <2% and that the detector energy response is stable to <1% over the entire run. In addition, the fractions of neutrino and antineutrino events are stable over energy and time, and the inferred external event rate corrections are similar in both the neutrino and antineutrino modes.
The MiniBooNE antineutrino data can be fit to a two-neutrino oscillation model, where the probability, P, of "
! " e oscillations is given by P ¼ sin 2 2sin 2 ð1:27Ám 2 L=E Þ, sin 2 2 ¼ 4jU e4 j 2 jU 4 j 2 , and Excess Events/MeV . (Error bars include both the statistical and systematic uncertainties.) Also shown are the expectations from the best two-neutrino fit for each mode and for two example sets of oscillation parameters. PRL 110, 161801 (2013) P
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